Introduction
============

Cervical cancer is one of the main causes of cancer death in women ([@b1-ol-0-0-11180]), most of which is caused by human papillomavirus (HPV) infection ([@b2-ol-0-0-11180]). Approximately 86% of women who die from cervical cancer are in developing countries ([@b3-ol-0-0-11180],[@b4-ol-0-0-11180]). According to the clinical stage standard issued by FIGO, cervical cancer was staged based on the depth of tumor invasion and the degree of invasion to surrounding tissues ([@b5-ol-0-0-11180]). Patients with cervical cancer with FIGO stage I--II were divided into early cervical cancer ([@b6-ol-0-0-11180]). Although these were not mentioned in FIGO stage, lymph node metastasis has a very close relationship with the prognosis of cervical cancer and is the most important in cervical cancers ([@b7-ol-0-0-11180]).

Clinically, various imaging methods are used to detect lymph node metastasis in cancer, including magnetic resonance imaging (MRI) and computed tomography (CT) ([@b8-ol-0-0-11180]). CT imaging is very common in various clinical diagnoses. Its clinical value in tumor diagnosis and differential diagnosis cannot be ignored, and it has non-invasive advantages ([@b9-ol-0-0-11180],[@b10-ol-0-0-11180]). MRI has no radiation effect on human body. It can complete local and whole body scanning, which is more advanced and safe. Compared with CT, it also provides more anatomical details for diagnosis and the image contains more abundant texture information than CT images. Therefore, it is challenging to compare the advantages and disadvantages of MRI and CT. This needs to be analyzed on a case-by-case basis ([@b11-ol-0-0-11180],[@b12-ol-0-0-11180]). In this study, we compared the diagnostic value and clinical significance of MRI and CT in detecting lymph node metastasis of early cervical cancer.

Patients and methods
====================

### Collection of baseline data

In this study, we selected 160 patients with lymph node metastasis of cervical cancer from April 2015 to April 2019, including 122 patients with squamous cell carcinoma, 18 patients with adenosquamous carcinoma, 10 patients with endometrioid adenocarcinoma and 10 patients with clear cell carcinoma. The age of patients ranged from 28 to 64 years, with an average age of 35.59±4.02 years. FIGO stage included 17 cases in stage Ia, 47 cases in stage Ib, 43 cases in stage IIa and 53 cases in stage IIb.

Inclusion criteria: i) The patient was diagnosed as cervical cancer by pathology after treatment in Jining No. 1 People\'s Hospital (Jining, China); ii) FIGO stage was stage I and II in patients. iii) Patients underwent plain scan to increase examination before operation (the scanning range included at least inferior diaphragm to pubic symphysis). iv) The patient had no other treatment before surgery. v) Patients selected radical hysterectomy bilateral salpingo-oophorectomy and pelvic lymphadenectomy, radical hysterectomy pelvic lymphadenectomy para-aortic lymphadenectomy. vi) Patients and their families signed informed consent forms in advance. The study was approved by the Ethics Committee of Jining No. 1 Hospital.

Exclusion criteria: i) Patients who received only plain scan or only pelvic plain scan and enhanced scan before operation. ii) The stage of FIGO was stage III or above and the postoperative pathology was cervical intraepithelial neoplasia. iii) Scan did not conform to the standard, patient examination preparation was not perfect or contrast agent injection factors did not conform to the diagnostic criteria. iv) The treatment method was radiotherapy, chemotherapy or other treatment methods. v) The patient received other preoperative treatment.

### Examination methods

i\) Main reagents and instruments: Siemens Verio 3.0T superconducting magnetic resonance was from Siemens. Gd-DTPA, a bolus contrast agent, ^18^F-deoxyglucose (^18^FDG), a CT imaging agent, were from Accdon. CT scanners were from Royal Philips Electronics. Sixty-four slice CT was from Siemens.

ii\) CT examination methods: The patient should avoid, or consume only liquid food with little residue the day before the examination to ensure the formation of unformed feces. The enema was cleaned with warm water before examination for 1--2 h. Patients drank 600--800 ml warm boiled water to fill the bladder 30--60 min before examination to increase the contrast with the uterus. Retention enema was performed \~5 min before CT scan: In order to fully dilate the rectum, the patient was placed in the left lateral position, taking the tolerance dose as the degree, and injected \~400 ml warm water through the anus with the intestinal irrigator bag to increase the contrast between the large intestine and the uterus. Training the patient\'s breathing before examination: It is required to hold the breath after inhaling calmly during examination, and to breathe calmly if the breath cannot be held. Before the examination, the technical operator explained to the patient the matters needing attention and checked whether the patient had any foreign matters affecting diagnosis, such as metal. The most commonly used volume of continuous scanning method was adopted: The tube voltage was 120 kV, the tube current was 300 mA, the slice thickness was 5 mm, the interlayer spacing was 5 mm and the reconstruction thickness was 1 mm. The patient was placed in a supine position with both hands on the top of the head. The scanning range included at least inferior diaphragm to pubic symphysis. After conventional axial plain CT scan, the body position remained unchanged. Professional nurses injected 100 ml of nonionic contrast agent through superficial vein of the elbow with high pressure injector at an injection rate of 2.5--3.0 ml/sec. Arterial phased scan was performed \~30 sec later, mainly scanning the liver. Portal phase enhanced scan was performed \~65--75 sec, including whole abdomen or chest and abdomen and pelvic. Equilibrium phase can be added to scan when it was necessary according to lesion display and diagnostic needs.

iii\) MRI examination methods: The examinee did not eat for 48 h, and drank a proper amount of water to fill the bladder before 9 a.m. on the examination day. Then scan of 4.0 mm/layer was performed. The examination sequences were as follows: sagittal SET1WI, TR/TE 364/15 msec; sagittal TSE T2WI, TR/TE 2890/108 msec; sagittal fat suppression T2W(ISTIR), TR/TE3840/103 msec, TI 115 msec; oblique transverse T2WI of scanning diameter line and perpendicular to uterine axis, TR/TE 4890/84 msec; Gd-DTPA T1WI transverse, TR/TE 397/15 msec; The sagittal scan parameters of T1WI were the same as those of plain scan.

The CT and MRI images were read by two radiologists with more than 10 years experience and no knowledge of the surgical and pathological results. The CT staging and MRI staging of cervical cancer were carried out according to the reading results.

### Judgement of criterion

i\) Image analysis of MRI diagnostic stage ([Table I](#tI-ol-0-0-11180){ref-type="table"}). ii) Image analysis of CT diagnosis of SC stage ([Table II](#tII-ol-0-0-11180){ref-type="table"}).

### Statistical methods

Data analysis was completed by SPSS 18.0. The counting data were expressed as \[n(%)\]. The χ^2^ test was used for univariate analysis and comparison of the diagnostic accuracy of SC at each stage. The difference was statistically significant at P\<0.05.

Results
=======

### Baseline data

The basic conditions of 160 patients were investigated, such as age, obesity, smoking and drinking habits, histological classification, clinical stage ([Fig. 1](#f1-ol-0-0-11180){ref-type="fig"} and [Table III](#tIII-ol-0-0-11180){ref-type="table"}). Degree of differentiation and lymph node metastasis of cervical cancer are shown in ([Fig. 2](#f2-ol-0-0-11180){ref-type="fig"}).

Diagnostic efficiency of MRI and CT in lymph node metastasis of early cervical cancer in different stages
---------------------------------------------------------------------------------------------------------

### i) Diagnostic efficacy of MRI and CT in lymph node metastasis of early cervical cancer in stage I

The sensitivity, specificity and diagnostic accordance rate of MRI in the diagnosis of early cervical cancer in stage I were 75.00%, 72.92 and 77.50%, respectively. The sensitivity, specificity and diagnostic accordance rate of CT in the diagnosis of early cervical cancer in stage I were 62.50, 56.25 and 58.75%, respectively. Comparing data of the two groups, the sensitivity, specificity and diagnostic accordance rates of MRI in the diagnosis of early cervical cancer in stage I were significantly higher than those of CT (P\<0.05) ([Tables IV](#tIV-ol-0-0-11180){ref-type="table"}--[VI](#tVI-ol-0-0-11180){ref-type="table"}).

### ii) Diagnostic efficacy of MRI and CT in lymphatic metastasis of early cervical cancer in stage II

The sensitivity, specificity and diagnostic accordance rate of MRI in the diagnosis of lymphatic metastasis of early cervical cancer in stage II were 79.17, 78.13 and 78.75%, respectively. The sensitivity, specificity and diagnostic accordance rate of CT in the diagnosis of lymphatic metastasis of early cervical cancer in stage II were 62.50, 68.75 and 60.00%, respectively. Comparing the data of the two groups, the sensitivity, specificity and diagnostic accordance rate of MRI in the diagnosis of lymphatic metastasis of early cervical cancer in stage II were significantly higher than those of CT in the diagnosis of lymphatic metastasis of early cervical cancer in stage II (P\<0.05). However, there was no obvious difference in specificity (P\>0.05) ([Tables VII](#tVII-ol-0-0-11180){ref-type="table"}--[IX](#tIX-ol-0-0-11180){ref-type="table"}).

### Comparison of diagnostic efficiency between MRI combined with CT and MRI or CT alone in lymphatic metastasis of early cervical cancer in different stage

The sensitivity, specificity and diagnostic accordance rate of MRI combined with CT in the diagnosis of early cervical cancer in stage I were 78.13, 87.50 and 83.75%, respectively, which were significantly higher than the sensitivity and diagnostic accordance rate of MRI or CT alone (P\<0.05). However, the sensitivity, specificity and diagnostic accordance rate of MRI combined with CT in the diagnosis of early cervical cancer in stage II were 91.66, 82.81 and 88.13%, respectively. There was no obvious difference in specificity (P\>0.05), the specificity and diagnostic accordance rate were significantly higher than that of MRI or CT alone (P\<0.05) ([Tables X](#tX-ol-0-0-11180){ref-type="table"}--[XII](#tXII-ol-0-0-11180){ref-type="table"}).

Discussion
==========

Cervical cancer is particularly harmful to women in developing countries, and screening its level is very important ([@b13-ol-0-0-11180],[@b14-ol-0-0-11180]). However, two imaging techniques, CT and MRI, play a vital role in the early stage of cancer, treatment strategy and treatment of response evaluation ([@b15-ol-0-0-11180]--[@b17-ol-0-0-11180]). In many studies on lung cancer, prostate cancer and breast cancer, MRI and CT are widely used ([@b18-ol-0-0-11180]--[@b20-ol-0-0-11180]). These technologies have their own advantages and disadvantages, and are suitable for examining different tumors ([@b21-ol-0-0-11180]). Therefore, the purpose of this study was to compare the diagnostic value of the two imaging methods in the detection of lymph node metastasis of early cervical cancer.

In this study, different stages of patients with early cervical cancer were examined with MRI, and CT alone, and MRI combined with CT, and their diagnostic efficacy such as sensitivity, specificity, diagnostic accordance rate was compared. According to the results, the sensitivity, specificity and diagnostic accordance rate of MRI in the diagnosis of lymph node metastasis of early cervical cancer with stage I (Ia-Ib) were significantly higher than those of CT in the diagnosis of lymph node metastasis of early cervical cancer with stage I (Ia-Ib). In addition to specificity, the sensitivity, diagnostic accordance rate of MRI in the diagnosis of lymph node metastasis of early cervical cancer with stage II (IIa-IIb) were significantly higher than the sensitivity, specificity, and diagnostic accordance rate by CT diagnosis. In another study on cervical cancer, it was found that MRI is better than CT in diagnosing cervical cancer. It can not only be useful for the discovery of early cervical cancer, but also for reasonable staging ([@b22-ol-0-0-11180]). However, in the study of Li and Room ([@b23-ol-0-0-11180]) on invasive cervical cancer, MRI was shown to be better than CT in observing tumor size and boundary, the signal was easy to identify, and the diagnostic accordance rate for lymphatic metastasis was also very high. It was concluded that MRI has better diagnostic efficiency and higher clinical diagnostic value than CT in the diagnosis of lymph node metastasis of early cervical cancer.

In a study on lymphoma, it was found that MRI combined with CT has good examination effect ([@b24-ol-0-0-11180]). Therefore, in this study, we also carried out combined examination of MRI and CT on patients. According to the results, besides the specificity index for diagnosing lymph node metastasis of early cervical cancer in stage II (IIa-IIb), the sensitivity and diagnostic accordance rate of MRI combined with CT diagnosis were significantly higher than those of MRI and CT alone. CT has good density resolution, can avoid intestinal peristalsis and other effects to a certain extent. It is visual and has certain advantages in finding lymph node diffusion, but its diagnostic sensitivity to cancer staging is not strong, and its differentiation specificity for lesions is not high. However, MRI has higher tissue resolution and better tissue contrast. It can directly display the tumor condition and can change imaging parameters to improve its contrast, thus improving the prediction range of tumors ([@b25-ol-0-0-11180]). Complementary advantages of the two can have a better examination effect. Therefore, we conclude that the diagnostic value of MRI and CT combined diagnosis was higher than that each alone. In the study of Kim *et al* ([@b26-ol-0-0-11180]) on non-small cell lung cancer, the combination of MRI and CT was more helpful to significantly improve the sensitivity of detecting lymph node metastasis than CT alone. In a clinical study of calcified meningioma, it was found that CT combined with MRI diagnosis has a higher diagnostic accordance rate for tumors and a more comprehensive and obvious reflection on the characteristics of tumors ([@b27-ol-0-0-11180]). These are all similar to the results of the present study.

In conclusion, the diagnostic value of MRI in the clinical diagnosis of lymph node metastasis of early cervical cancer is significantly higher than that of CT and the sensitivity, specificity and diagnostic accordance rate are significantly improved when they are combined. Therefore, we consider that MRI and CT should be combined in clinic to improve the diagnostic accuracy of diseases.
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###### 

Features of MRI of early cervical cancer in different stages.

  Grouping    Features
  ----------- ----------------------------------------------------------------------------------
  Stage Ia    No evidence of mass lesion.
  Stage Ib    Tumor pierced cervical low signal intensity ring.
  Stage IIa   The tumor pierced the upper vagina but did not touch the parametrium.
  Stage IIb   The matrix of the cervix was destroyed and the parametrium tissues were invaded.

MRI, magnetic resonance imaging.

###### 

Features of CT of early cervical cancer in different stages.

  Grouping    Features
  ----------- ---------------------------------------------------------------------
  Stage Ia    No metastatic lymph nodes.
  Stage Ib    Metastatic lymph nodes appeared, but were not obvious.
  Stage IIa   Metastatic lymph nodes appeared but did not invade the parametrium.
  Stage IIb   Metastatic lymph nodes began to invade the parametrium.

CT, computed tomography.

###### 

Baseline clinical data of 160 SC patients.

  Factors                                          \[n(%)\]
  ------------------------------------------------ -------------
  Age (years)                                      
    ≤50                                            105 (65.63)
    \>50                                           55 (34.37)
  Smoking                                          
    Yes                                            81 (50.63)
    No                                             79 (49.67)
  Drinking                                         
    Yes                                            78 (48.75)
    No                                             82 (51.25)
  Obesity                                          
    Yes                                            80 (50.00)
    No                                             80 (50.00)
  Histological classification of cervical cancer   
    Squamous cell carcinoma                        122 (76.25)
    Adenosquamous carcinoma                        18 (11.25)
    Endometrioid adenocarcinoma                    10 (6.25)
    Clear cell carcinoma                           10 (6.25)
  Clinical stage of cervical cancer                
    Stage Ia                                       17 (10.63)
    Stage Ib                                       47 (29.37)
    Stage IIa                                      43 (26.87)
    Stage IIb                                      53 (33.13)
  Differentiation degree                           
    Poorly differentiated                          65 (40.63)
    Middle differentiated                          45 (28.12)
    Well differentiated                            50 (31.25)
  Lymph node metastasis                            
    Yes                                            96 (60.00)
    No                                             64 (40.00)

###### 

Diagnostic efficacy of MRI in lymph node metastasis of early cervical cancer in stage I.

                                     Pathological diagnostic results        
  ---------------------------------- --------------------------------- ---- ------
  Ia-Ib phase by MRI diagnosis       54                                26     80
  Non-Ia-Ib phase by MRI diagnosis   10                                70     80
  Total                              64                                96   160

MRI, magnetic resonance imaging.

###### 

Diagnostic efficacy of CT lymph node metastasis of early cervical cancer in stage I.

                                    Pathological diagnostic results        
  --------------------------------- --------------------------------- ---- ------
  Ia-Ib phase by CT diagnosis       40                                42     82
  Non-Ia-Ib phase by CT diagnosis   24                                54     78
  Total                             64                                96   160

CT, computed tomography.

###### 

Comparison of diagnostic efficiency of MRI and CT in lymphatic metastasis of early cervical cancer in stage I.

  Factors                      MRI                CT                χ^2^ value   P-value
  ---------------------------- ------------------ ----------------- ------------ ---------
  Sensitivity                  75.00% (54/64)     62.50% (40/64)    7.850        0.005
  Specificity                  72.92% (70/96)     56.25% (54/96)    5.829        0.016
  Diagnostic accordance rate   77.50% (124/160)   58.75% (94/160)   12.950       \<0.001

MRI, magnetic resonance imaging; CT, computed tomography.

###### 

Diagnostic efficacy of MRI in lymphatic metastasis of early cervical cancer in stage II.

                                       Pathological diagnostic results        
  ------------------------------------ --------------------------------- ---- ------
  IIa-IIb phase by MRI diagnosis       76                                14     70
  Non-IIa-IIb phase by MRI diagnosis   20                                50     90
  Total                                96                                64   160

MRI, magnetic resonance imaging.

###### 

Diagnostic efficacy of CT in lymphatic metastasis of early cervical cancer in stage II.

                                      Pathological diagnostic results        
  ----------------------------------- --------------------------------- ---- ------
  IIa-IIb phase by CT diagnosis       60                                20     88
  Non-IIa-IIb phase by CT diagnosis   36                                44     72
  Total                               96                                64   160

CT, computed tomography.

###### 

Comparison of diagnostic efficiency of MRI and CT in lymphatic metastasis of early cervical cancer in stage II.

  Factors                      MRI                CT                χ^2^ value   P-value
  ---------------------------- ------------------ ----------------- ------------ ---------
  Sensitivity                  79.17% (76/96)     62.50% (60/96)    6.454        0.011
  Specificity                  78.13% (50/64)     68.75% (44/64)    1.442        0.230
  Diagnostic accordance rate   78.75% (126/160)   58.75% (94/160)   14.890       \<0.001

MRI, magnetic resonance imaging; CT, computed tomography.

###### 

Diagnostic efficacy of MRI combined with CT in lymphatic metastasis of early cervical cancer in stage I.

                                          Pathological diagnostic results        
  --------------------------------------- --------------------------------- ---- ------
  Ia-Ib phase by combined diagnosis       50                                12     62
  Non-Ia-Ib phase by combined diagnosis   14                                84     98
  Total                                   64                                96   160

MRI, magnetic resonance imaging; CT, computed tomography.

###### 

Diagnostic efficacy of MRI combined with CT in lymphatic metastasis of early cervical cancer in stage II.

                                            Pathological diagnostic results        
  ----------------------------------------- --------------------------------- ---- ------
  IIa-IIb phase by combined diagnosis       90                                11   101
  Non-IIa-IIb phase by combined diagnosis     6                               53     59
  Total                                     96                                64   160

MRI, magnetic resonance imaging; CT, computed tomography.

###### 

Comparison of the diagnostic efficacy between combined diagnosis with MRI or CT alone.

  Factors                        Combination        MRI                CT                P-value
  ------------------------------ ------------------ ------------------ ----------------- ---------
  Stage Ia-Ib                                                                            
    Sensitivity                  78.13% (50/64)     75.00% (54/64)     62.50% (40/64)    0.013
    Specificity                  87.50% (84/96)     72.92% (70/96)     56.25% (54/96)    \<0.001
    Diagnostic accordance rate   83.75% (134/160)   77.50% (124/160)   58.75% (94/160)   \<0.001
  Stage IIa-IIb                                                                          
    Sensitivity                  91.66% (90/96)     79.17% (76/96)     62.50% (60/96)    \<0.001
    Specificity                  82.81% (53/64)     78.13% (50/64)     68.75% (44/64)    0.161
    Diagnostic accordance rate   88.13% (143/160)   78.75% (126/160)   58.75% (94/160)   \<0.001

MRI, magnetic resonance imaging; CT, computed tomography.
